The effect of polyvinyl alcohol (PVA) Although the mechanisms by which BSA supports embryo development have not been determined, a study has found that albumin is used by embryos as a source of amino acid, that it chelates heavy metals, and t h a t t r a c e c o n t a m i n a t i o n w i t h B S A p r o m o t e s development of embryos [9] . Incidence of development of early embryos and hatching of blastocysts correlates with the lot of BSA in medium [10, 11] , therefore the effects of other supplements on embryo development may be masked in BSA-supplemented medium.
medium in which mouse preimplantation embryos can develop with high percentages, we examined the effect of PVA on embryo development, especially on hatching of blastocysts.
Materials and Methods

Animals
We used female (8~12 weeks old) and male (13~21 weeks old) ddY strain mice. Mice were maintained at 23°C, on a 14L:10D (light-on, 05:00) light-dark cycle.
Collection of embryos
Females were superovulated with intraperitoneal i nje cti ons of 5 t o 8 IU pr egn ant ma re 's ser um gonadotropin (PMSG, Teikoku Hormone Mfg. Co., Tokyo, Japan), followed 48 h later by 5 to 8 IU human chorionic gonadotropin (hCG, Teikoku Hormone). Immediately after the hCG injection, the females were individually paired with males overnight. The females were checked the following morning for the presence of a vaginal plug. Females with a vaginal plug were sacrificed by cervical dislocation 18 to 20 h after hCG i nj ection, and zygote-c umul us com plexes were recovered from the ampullae. Cumulus cells were removed from the embryos by 0.1% hyaluronidase (H-6254, Sigma Chemical Co., St Louis, USA) treatment, and morphologically normal 1-cell stage embryos were selected.
Culture media
Hoppe and Pitts medium [17] supplemented with 50 µM EDTA was used (Table 1) . Salts and organic reagents in the medium were purchased from Nacalai Tesque Inc. (Guaranteed Reagent, Kyoto, Japan), and potassium penicillin G and streptomycin sulphate were purchased from Meiji Seika Kaisha, Ltd. (Tokyo, Japan).
Embryo culture
To determine the suboptimum concentration of polyvinyl alcohol (PVA) in medium, 1-cell embryos were cultured in medium supplemented with 0.1, 1.0 or 10.0 mg/ml PVA (MW. 30,000~70,000. P-8136, Sigma) or 3 mg/ml BSA (A-6003, Sigma).
To investigate the efficacy with which PVA supports embryo development, 2-cell and 8-cell embryos and early blastocysts that had developed from 1-cell embryos in the BSA-supplemented medium were cultured in medium supplemented with 1.0 mg/ml PVA. Developmental potency of embryos was compared between the PVA-supplemented medium and the BSAsupplemented medium.
The developmental stage of embryos was checked every 6 h from the start of culture. Embryos were cultured according to the method of Brinster [18] , with culture dishes kept in a CO 2 incubator (37°C, 5% CO 2 + 95% air).
Data analysis
Data obtained were analyzed by Chi-square test and Tukey's test [19] with p<0.05 chosen as the level of significance.
Results
Percentages of development from 1-cell embryos to each stage up to expanded blastocysts in 0.1 and 1.0 mg/ml PVA-supplemented media were comparable to those in the BSA-supplemented medium. However, percentages of development to partial hatching and complete hatching of blastocysts were significantly decreased in 0.1 mg/ml PVA-supplemented medium (P<0.01), and were moderately reduced in 1.0 mg/ml PVA-supplemented medium ( Table 2 ). Percentages of development of 1-cell embryos to morulae and early blastocysts were significantly low in 10.0 mg/ml PVAsupplemented medium, compared with 0.1 and 1.0 mg/ ml PVA-supplemented medium (p<0.01). No embryos in th e 10 .0 m g /m l PV A -sup ple m en te d m e diu m developed to blastocysts. In 0.1 and 1.0 mg/ml PVAsupplemented medium, speeds of development from 1-cell embryos to each stage up to expanded blastocysts were the same as those in the BSA-supplemented medium (Table 3) . When 2-cell or 8-cell embryos or early blastocysts were cultured in 1.0 mg/ml PVA-supplemented medium, percentages of development to expanded blastocysts were comparable to the BSA-supplemented medium (Table 4) . However, when 2-cell embryos were cultured in the PVA-supplemented medium, percentages of development from expanded blastocysts to partial hatching and complete hatching of blastocysts (20.7 and 5.2%, respectively) were significantly decreased, compared to percentages in the BSA-supplemented medium (66.7 and 44.4%, respectively; p<0.01). When 8-cell embryos and early blastocysts were cultured in the PVA-supplemented medium, these percentages t e n d e d t o d e c r e a s e ( T a b l e 4 ) . I n t h e P V Asupplemented medium, the developmental speeds of t h e se e mb r y o s t o e a c h s t a g e up t o e x pa n d ed blastocysts were the same as those in the BSAsupplemented medium, except when 8-cell embryos were cultured in the PVA-supplemented medium (Table  5) .
Discussion
I n t h e pr e s en t s t ud y , 1-ce l l m o us e e mb r yo s developed to expanded blastocysts in medium supplemented with 0.1 or 1.0 mg/ml PVA at a high p e r c e n t a g e c o m p a r a b l e t o r e s u l t s f o r B S Asupplemented medium. This indicates that PVA at an optimum concentration supports embryo development from 1-cell to the expanded blastocyst stage, and that the PVA-supplemented medium can be a valuable chemically defined medium for mouse embryonic culture.
Bi ggers et al. [13] reported that incidence of development to the blastocyst stage was decreased when PVA was substituted for BSA in KSOM medium, and that percentage of development to the blastocyst stage was reduced to a greater extent in 1.0 mg/ml PVA-supplemented medium than in 0.1 mg/ml PVAsupplemented medium. In the present study, no embryos in 10.0 mg/ml PVA-supplemented medium developed to the blastocyst stage. Together, these results indicate that there is an optimum concentration of PVA supplementation of medium at which PVA supports embryo development.
Although a mouse embryo composed of a smaller number of blastomeres than a normal embryo can develop to the blastocyst stage [20] , expansion of blastocysts depends on the number of cells [21] . However, there was no difference in total cell number between blastocysts developed in PVA-supplemented medium and those developed in BSA-supplemented medium [13] . In the present study, percentages and speeds of embryo development to each stage up to expanded blastocysts were almost the same for the P V A -s u p p l e m e n t e d m e d i u m a s f o r t h e B S Asupplemented medium, even though cultures started at 1-cell, 2-cell, 8-cell or the early blastocyst stage. Together, these results suggest that embryos in the PVA-supplemented medium develop to expanded blastocysts via normal processes, and that PVA supports the embryo development in each stage up to the expanded blastocyst stage. It has been reported that, for mouse [9, 13, 16] , rabbit [14] and equine [15] embryos, the hatching rate of the blastocyst is decreased in PVA-supplemented media. In the present study, incidences of partial hatching and comple te hatch ing of blast ocysts wer e clear ly decreased in the PVA-supplemented medium for culture of embryos from 1-cell to the early blastocyst stage. In recent studies using mouse embryos, trypsin-like protease activity in the medium gradually increased during the course of hatching [22] , and trypsin-like protease localized in the mural trophectoderm [23, 24] . This suggests that protease participates in the hatching of blastocysts in vitro [22, 24] . Thus, the low hatching rate of blastocysts in PVA-supplemented media may be due to a decline in protease synthesis and/or secretion.
